Hygienic quality of game meat depends on many factors during and after hunting. Freshness of meat is connected with the concentration of biogenic amines which is related to meat spoilage. The aim of this study was to assess changes in concentration of biogenic amines in raw meat of wild boar (n = 20, mean age 1-2 years) during storage at different temperatures. Carcases of wild boars hunted in winter 2012 in hunting districts of south Moravia were stored unskinned during 21 days at various temperatures (0, 7 and 15 °C). Concentrations of biogenic amines (putrescine, cadaverine, tyramine, tryptamine, phenylethylamine, histamine, spermine and spermidine) were determined in the shoulder and leg muscles by high-performance liquid chromatography in combination with triple quadrupole tandem mass spectrometry. Good hygienic quality was maintained when wild boar carcasses were stored for a maximum of 14 days at 0 °C (content of biogenic amines in 3 meat samples exceed the limit of 5 mg/kg on day 21 of storage) or a maximum of 7 days at 7 °C (content of biogenic amines in 4 meat samples exceed the limit of 5 mg/kg on day 14 of storage). The temperature of 15 °C should be considered as unsuitable storage temperature if good hygienic quality of game meat during storage is to be guaranteed (content of biogenic amines in 2 meat samples exceed the limit of 5 mg/kg already on day 7 of storage). The study brings new information about the biogenic amine content and its changes in wild boar meat during the storage period of 21 days.
Game meat quality depends on many factors ranging from hunting to meat processing and its storage. They all affect the hygienic quality of game meat and thus may pose a health risk for final consumers. Meat contaminating bacteria usually transfer from the digestive tract or the skin of the carcass during slaughter. It is therefore advisable to monitor selected bacterial groups and determine the biogenic amines in meat in order to detect incipient spoilage. Their quantity can relate to meat freshness (Membre et al. 2011) . Hernandez-Jover et al. (1996) proposed the following limits for contents of biogenic amines (the sum of putrescine, cadaverine, tyramine and histamine) in meat for the assessment of hygienic quality: < 5 mg/kg for good quality fresh meat, 5-20 mg/kg for meat of acceptable hygienic quality, but with initial signs of spoilage, 20-50 mg/kg for meat of low hygienic quality and > 50 mg/kg for spoiled meat. To protect consumer health, it is very important to monitor the concentration of biogenic amines in food because they can lead to symptoms such as nausea, headache, rash and changes in blood pressure (Ladero et al. 2012) . The presence of the spermine and spermidine polyamines found in animal bodies has been described as physiological (Hernandez-Jover et al. 1997; Silva and Gloria 2002; Balamatsia et al. 2006) and not associated with spoilage (HernandezJover et al. 1997) .
Game meat ranks among highly appreciated foods (Hoffman and Wiklund 2006) . Information is available about the hygienic quality of the game meat and also about the content of biogenic amines in venison, e.g. pheasant meat (Paulsen et al. 2008; Hutarova et al. 2013a Hutarova et al. , 2013b Hutarova et al. , 2013c and meat from wild ducks (Hutarova et al. 2013) . In spite of an increasing population of wild boar in Europe, relatively very few studies focus on the quality of wild boar meat and its products (Paulsen et al. 2011) .
The aim of this study was to assess changes in the concentration of biogenic amines in raw meat of wild boar stored at different temperatures, and to use the results for the assessment of meat hygienic quality.
Materials and Methods

Wild boar
In the study, 20 carcasses of wild boar killed by hunters during the winter 2012 in individual or collective hunting in the Czech Republic were used. The mean age of wild boar was 1-2 years, and their body weight ranged between 18-39 kg. The carcasses of the boars were divided into 3 groups and stored eviscerated and unskinned for 21 days at different temperatures. The wild boar from the first group (8 carcasses) were stored at 0 °C, the second group (6 carcasses) at 7 °C and the third group (6 carcasses) at 15 °C. The storage temperature of 0 °C was chosen for the monitoring of biogenic amine concentrations in wild boar meat during storage under optimum temperature conditions (EU legislation -Regulation (EC) 853/2004 -game meat should be stored at temperatures below 4 °C). The temperature of 7 °C was chosen in order to test game meat that is stored and sold in small quantities either directly to the final consumer or to some retail establishments or shops (legislation of some EU member states). The temperature of 15 °C simulates cases of gross violation of storage temperature conditions.
Muscle tissues of one hind leg and one shoulder from each stored carcass were collected at weekly intervals. On storage day 1 (storage temperature of 0 °C), 8 samples from 2 carcasses were collected (4 shoulders and 4 hind legs). On storage days 7, 14, and 21 (temperature of 0, 7 and 15 °C), 8 samples (4 shoulders and 4 hind legs) from 4 carcasses from each of 3 groups and period of storage were collected.
Chemical analysis
Concentrations of biogenic amines (putrescine, cadaverine, tyramine, tryptamine, histamine, phenylethylamine, spermine and spermidine) were determined in each sample collected from the muscles. To ensure the representativeness of samples, the collected muscles from each body part (shoulder and hind leg) were separately pureed. From the homogenised material, the amount of 0.5 g was consequently withdrawn for biogenic amines assessment. One-step extraction using mixtures of trichloracetic acid in water (5%) followed by clean-up step using a 0.45 µm syringe filter was employed for sample preparation. Biogenic amines were subsequently separated by reverse phase liquid chromatography using C 18 (2.1 mm × 50 mm, 1.9 μm; Thermo, San Jose, CA, USA) column and detected by tandem mass spectrometry using a heated electro spray-ionization in positive ion mode. Thermo Scientific UHPLC Accela 1250 system was connected to a Thermo Scientific TSQ Quantum Access MAX Triple Quadrupole Instrument (Thermo, San Jose, CA, USA).
Statistical analysis
A total concentration of biogenic amines (the sum of putrescine, cadaverine, tyramine, histamine, tryptamine and phenylethylamine) in individual samples was calculated. Contrary to the method by Hernandez-Jover et al. (1996) , which used only four biogenic amines (putrescine, cadaverine, tyramine and histamine) in their study, we used also phenylethylamine and tryptamine because of their presence in concentrations comparable to histamine. From values of individual samples, the mean and standard deviation were calculated for every period of storage and appropriate temperature. The number of samples in which the total biogenic amine concentration exceeded 5 mg/kg was also determined for every period of storage and appropriate temperature. Differences in total biogenic amine concentrations in individual storage periods for each storage temperature were evaluated using the UNISTAT 5.6 statistical software. Data were subjected to a Kruskal-Wallis ANOVA (because of non-normal distribution of data) and subsequently to a non-parametric Tukey-type multiple comparisons test with ranked sums in order to assess differences between all possible pairs of groups. The mean difference was considered significant at P < 0.01.
Results
The total biogenic amine content (the sum of putrescine, cadaverine, histamine, tyramine, phenylethylamine and tryptamine) in unskinned wild boar meat in the course of 21 days of storage at temperatures of 0 °C, 7 °C and 15 °C is shown in Table 1 . Compared to the first day of storage, a significant (P < 0.01) increase in the concentration of biogenic amines was observed on day 21 (increase from 1.18 mg/kg to 4.76 mg/kg, P < 0.01) at the temperature of 0 °C and on day 14 (increase from 1.18 mg/kg to 7.65 mg/kg) at the temperature of 7 °C. The carcasses of wild boar stored at 15 °C showed an increase in biogenic amine concentrations already after storage day 1 (increase from 1.18 mg/kg to 4.5 mg/kg) with a subsequent significant (P < 0.01) increase after storage day 7 (increase to 21.02 mg/kg).
Spermine and spermidine concentrations, elevated from the beginning of storage, showed no significant changes throughout the whole storage period.
Discussion
Concentrations of the spermine and spermidine polyamines assessed in wild board meat in our study were found at elevated concentrations from the first storage day without major changes during storage. Similar results have been reported by Krausova et al. (2006) who determined spermine and spermidine concentrations in pork 24 h after slaughter. Concentration of these polyamines is not connected with meat spoilage (HernandezJover et al. 1997) ; therefore these concentrations were not used for evaluation of meat hygienic quality in our study.
Evaluation of the hygienic quality of wild boar meat was performed by measuring concentrations of biogenic amines such as putrescine, cadaverine, histamine, tyramine, phenylethylamine and tryptamine.
The results obtained in our study confirm the direct proportion of biogenic amine production and storage temperature; lower production of biogenic amines was detected at lower temperatures of storage (Duflos 2009; Prester et al. 2009; Naila et al. 2011) .
Total biogenic amine contents in individual samples of wild boar meat were further used to determine the period for which wild boar meat can be stored while meeting the conditions for meat of good hygienic quality (the sum of biogenic amine concentrations less than 5 mg/kg). The number of samples in which the selected biogenic amines concentration during storage exceeds the limit value of 5 mg/kg is given in Table 2 . Results in Table 2 show that the limit value of 5 mg/kg was exceeded in some samples of wild boar carcasses stored at 0 °C after 14 days of storage, after 7 days of storage at 7 °C, and after only 1 day of storage at 15 °C. Based on the classification of meat hygienic quality according to the content of biogenic amines suggested by Hernandez-Jover et al. (1996) , wild boar meat during storage can be characterized in the following manner. When carcasses are stored at 0 °C, game meat can be considered of good hygienic quality for a period of 14 days (the sum of biogenic amine concentrations was less than 5 mg/kg). After that period, total concentrations of biogenic amines in 3 samples were at the level of 5-20 mg/kg that characterizes meat with initial signs of spoilage. Wild boar meat stored at 7 °C can be considered of good hygienic quality in terms of biogenic amine concentrations for the first 7 days of storage. After that period of storage, values in excess of 5 mg/kg (loss of good hygienic quality of meat) were found in 4 samples. Regarding biogenic amines, such game meat can be described as showing initial signs of spoilage. In game meat stored at the temperature of 15 °C, the value of 5 mg/kg was exceeded in some samples after only the first week of storage (initial signs of spoilage were found in 2 samples). In the next two weeks of storage, biogenic amine concentrations rose above 20 mg/kg (7 samples in the second week of storage, 8 samples in the third week of storage), i.e. in terms of biogenic amine content the game meat was of low hygienic quality).
The results of our study shows, that regarding biogenic amines, wild boar carcasses can be stored while maintaining good hygienic quality of game meat for a maximum of 14 days at 0 °C or a maximum of 7 days at 7 °C. The temperature of 15 °C should be considered as absolutely unsuitable storage temperature if good hygienic quality of game meat during storage is to be guaranteed.
